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@ Cordlarlte honeycomb-structural body and a method (or producing the same. 

Sr) A cofdierite honeycomb structured body to be used as a 
^talyst carrier, having excellent heat resistance, thermal shock 
resistance and coatability with a high specrtlc surface area 
matenal and a catalyst is disclosed, which have a chemical 
composition consisting mainly of 42-560/o by weight S.O3. 
30-450/0 by weight of A/203 and 12-I6O/0 by weight of MgO 
having a crystal phase consisting mainly of cordiente. and 
having coefficients of thermal expansion of not higher than 
0 3 X 10- ^/'C in the flow-passage direction of the honeycomb 
structure and not higher than 0.5x10-«rC in a direction 
nerpendicutar to the (low-passage of the honeycomb structure 
within the temperature range of 40-800° O A cordiente 
honeycomb-structural body, which has further such a distnbu- 
tion of the diameters of pores that the total volume of pores 
having a diameter of 0.5-5 ^m is not less than 400/o and the total 
volume of pores having a diameter of not smaller than 10 ^m is 
not more than 300/o based on the total pore volume in the body, 
has excellent coatability and thermal shock resistance after 
coating. 
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^^^^^^^^^^^^^^^^^^^ 

coa.ab,(i,y. ,ha, is, coating capability of a high spec^^ surtace 'rea^^^^^^^^ ' ^^"^'^ 

excellent thermal shock resistance after coating which bodvTs us.rtTn ^ "'^'V"'' ""^ ^^^'"9 

exhaust gas of automobile, and a method for DToducfnrf ^hP ...^^^'^^^ 

There have recently been increasingj demanded r^Zlu hf "^^^y- 
Shock resistance corresponding to 'the pZaS oM^^^^^ 

resistance is one of the important properties demanded in , SfJ'^ technology. Parlicolarly. thermal shoct< 
in the purifying apparatus for automobile exhau^gas The SeramTc hL '"^r '""'V^' "^^'^^ '° '^^^'^ 
the purifying apparatus for automobile exhaus, gas is exno.«^^. '1''^'^'^'' '° ^« "^^^ 

catalytic reaction of uncombusted hydrocarbon wim carbon ^nn^ n'^^™"^ generation caused by a 
temperature variation by the rapid heating and rap'^coo inrauhe sUrt^^ Z'r " 

ceramic honeycomb catalyst carrier is demanded to haveT?hermai l^Zl f ? ° '^'^ 
thermal stress caused by ,he temperature dfferencrgenerlfed i^^ 

Particularly, the ceramic honeycomb catalyst carr er s dem^"'^^^^^^^^^^ - honeycomb-structural body, 

,hJ!Il^^*"" Honeycomb-Structural body disclosed in U S Patent No 3 flfli 077 k 

thermal expansion of (1.01-1.08) X 10-«rc in a diracinn *in .hi 1^ 3.885,977 has a coefficient of 

flow passage of the honeycotib structure whicT^ higher th^^ffn'''''"^^^ 

(0.62-0.78) X 10-6/°C in the flow passaae diTec^L r,n^,h \ ^- 'dermal expansion of 

structure as disclosed in its worKinJ exaX-a T^^^^^^^ h s u's'pLnt'lhel:^^^^^^^ f ' °^ ^""^^comb 
the axis B direction, which influences substant ally the thermri fho^C 'dermal expansion in 

body, was not able to be satisfactorily decreased resistance of the honeycomb structural 

base'dp'orrc^raShX'^oZ^^eran^^^^^^^ 

Obtained by replacing partly whollyTa Ic or c ay co^^nedTn ' '"""'"^ '"'^^^ '^^ 

'Z.'' '"'^K^^^'' - - Silica all^mSTotirJe matS'"' Pyropf^mte. kyani.e. 

^^:^i^:Si:;^s^S^l^S^^:;:^-^ — honeycomb-strucural 

diameter of larger than 10 j.m. this U 1 pa en, doeT not Ic^ ^'7^ * '"[^^ °' '^^9« P°^«= H«-*"g a 

cordierite honeycomb-structural body, and i^thrs U S oatenf a .nM P.;"'?"*^""" ^ 'ow-thermal expansion 
a low coefficient of thermal expansion in its a^ls a dir«r«l^^^^ '^^^ 

Japanese Paten, Application Publication No 57 28 3^ ^ " k '"'^ 

particle size of 5-150 ^m can produce rceramic h;^^^^ °' '^'^ having an average 

no, higher than 1.6 ><^-a;orwtir.hTreCa^7^^^^^^^^^^^ 

application publication does not disclose at ^1 a cor^oSn L^^i However, this Japanese Paten, 

body having a low thermal expansion of lowerThan 0 9 xTa/o^i ^°"«y"'"b-structural 
and a ceramic honeycomb-structural body halg saLfactoriLforilnJ^ ''^^'^'^ '^^^ °' 25-1.000°C. 
directions was not able to be obtained satisfactorily low expansion in both of its axis A and axis B 

panl~noXf ^^^^^^ -ely divided talc having a 

crystalline silica and finely divided alumina in Srd^ fo ^uce a "0^0^.!"^'°'" k""'°" ""'^ 
having a porosity of no, higher than 300/o However a Srrtifn.rK^ 

thermal expansion lower than 0 3 x lO^^C w^hr.'h! f°'^'*"'« honeycomb-structural body having a low 
Obtained by ,he method of this European patn. aJ^ica.Ton' "™ '^'^^'^ ^^'^ '° "e 

The inventors have succeeded in the production^of a cordierite honeycomb-structural body having a 
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porosity of higher rhan 300/o but not higher than 420/o and having low thermal expansion in its axis A direction 

and in its axis B direction. , 

in a ceramic honeycomb-structural body to be used as a catalyst earner, not only its low thermal expansion 
property, but also its coatability with a high specific surface area material and a catalyst are important 

^H^hasbeen necessary to coat y-alumina having a large specific surface area on the surface of wall of a 
cordierite honeycomb-structural body in order to support a catalyst substance. The coatability with a high 
soecific area material and a catalyst is one of the important properties demanded to a cordien e 
honeycomb-structural body to be used as a catalyst carrier, and the cordierite honeycomb-structural body to 
be used as a catalyst carrier has been demanded to have a certain degree of porosity in order to satisfy the 
above described demands and to carry out the mass production of cordierite honeycomb catalysts. 

Honeycomb catalyst is produced by coating the surface of a cordierite honeycomb-structural body having a 
low thermal expansion with a high specific surface area material, such as activated alumina or the like, having a 
thermal expansion remarkably higher than that of the cordierite honeycomb-structural ^odr Therefore, when 
the thermal expansion of a cordierite honeycomb-structural body is merely decreased, the thermal shock 
resistance of the resulting honeycomb catalyst can not be improved. That is, such a technic is demanded that 
the increasing of thermal expansion of the cordierite honeycomb-structural body due to the coating its surface 
with a high specific surface area materiaf and a catalyst is suppressed as small as Poss'ble. 

Japanese Patent Application Publication No. 51-44.913 discloses that the coatability of a ceramic 
honeycomb-structural body is improved by a method, wherein a ceramic powder is deposited t^^e ="^^ce 
of the thin wall of the honeycomb-structural body, and the ceramic P°^der-depos,ted honeycomb-structural 
body is fired to form a surface layer having pores in a volume of not less than 0.1 cm^/g. each pore having a 

'rrer! i^ m:r:thoS,his7apanese Patent Application Publication No 51 44.913. the deposi.on step 
of ceramic powder to the honeycomb-structural body is required, and '''l'^'^'''''%''Z7J:lTn^^^^^ 
is expensive, and moreover a honeycomb catalyst carrier having pores having a diameter of 0.5-5 nm defined 
in the present invention is difficult to be produced. . ^ , , hi^h 

Japanese Patent Uld-open Application No, 58-14.950. discloses that, when activated alumina of a high 
spec's^ surface area material is to be coated onto a cordierite honeycomb-structural body, an organic 
sSbstance such as methyl cellulose or the like, is precoated onto the honeycomb-structural body so^hat the 
acSvated alumina can not enter into micro-cracks formed in the cordiente ^° J„ 

whereby the thermal shock resistance of a cordierite honeycomb catalyst .s improved. H^^^:, bodv 
of high specific surface area material, such as activated alumina, to the ^^^^^'^^'^ J*!^ 
Ts deteriorated during the use of the resulting honeycomb catalyst, and the coated ayer is apt to peeled off^ 
Moreover, working steps required for the coating are increased, and the resulting cordiente honeycomb 

•^TS^nrsZrcceeded in the production of a cordierite ^oneycorut^^uc^ur^^ ^^^^^^ be used 
catalyst carrier having excellent thermal shock resistance after coating with a h gh specific ^^^^^^^[^^ 
maS and a catalyst by limiting not only the porosity and coefficient of thermal expansion, but also the 
distribution of the diameters of pores in the body. ^^^Hj^Hta 
™ ect of the present invention is to obviate the above described drawbacks and to provide a cordiente 
hoieycomb-structural body to be used as a catalyst carrier, having ^-t."' ''tlTnTiTsViireSr^^^ 
shock resistance by limiting the coefficient of thermal expansion in its direction and axis B 

values lower than those of conventional cordierite honeycomb-structural body, and a method for producing 

''Another object of the present invention is to provide a cordierite ^^--^'^^^'''"''^^1111X2^^ exceSm 
catalyst carrier having excellent heat resistance and thermal shock resistance, and further having e'^cellent 
c?atabi i?^Hh a high specif surface area material and a catalyst, and being small m the deteno^Uon of 
he^ma; s^h^k resis?ance, said deterioration being caused by the coating -''^^^^ ^^'j.^jj^^ '^^^'I^'^,:,:^: 
surface material and the catalyst, which have a higher thermal expansion than that of the cordiente 
honeycomb-structural body, and a method for producing the body. , ^ h., ho „«d as a 

The first aspect of the present invention lies in a cordierite ^^^^^y^o^^^-s^^^f ^ '° 
catalyst carrier, which has a chemical composition consisting mainly of 42-56<Vo by weight o S'O^. 30-^^° by 
weight of A £,03 and 12-160/0 by weight of ivIgO, has a crystal phase consisting mainly of co^d'ente has a 
^o OS ty o, higher than 300/o but not higher than 420/b. and has a coefficient of thernial "P^^^f^^' "^'J^^^^'^^ 
Ln 0.3 X 10-»/°C within the temperature range of 40-800°C in the flow-passage '^'^.^x ^S'^ 

Fig. 4) of the honeycomb structure and a coefficient of thermal expansion °j. "O^^^'Sl^^^J^^^J^f 
within the temperature range of 40-800° C in a direction (axis B direction in Fig. 4) perpendicular to the flow 

ral body to be used as a catalyst carrier, comprising mixing talc having an average particle size of 5 JOO 
^um^a having an average particle size of not larger than 2 jim, high-ponty 'I'^ure 
averaae particle size of not larger than 15 ^m and other cordierite-forming materials so as to form a mixture 
Tons sting linV of 42-560/0 by weight of SiOa. 30-450/o by weight of A£.03 and 12-160A, by weight ofJ^gO 
calculated as oxides, kneading the mixture together with a plasticizer and an organic binder to form an 
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F,g 7 IS a graphs illustrating a relation between h« ° « °" ""^ """"y- 

temperature of the honeycomb-structural body ^ ^ ^^^^^ ^««istance 

.i.eLn:.\To^;,:r^^^^^^ or .erm. expansion In the axis B 

resistance temperatureof the body; ^''^P'^ 2 and the thermal Thock 

ne reason why a cordiertte honeycomb-stmcriir;,! h^h^k' • 

^^^^^ 

Moreover, the micro-structure of ,he cord erife nZ H P^«'^<""'"a"«'y developed, 
wrdieri f f *" is not so Sent frorn^h ^'^''"'*^ ^"'^«"9'^ 'he amou^^ 
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When finely divided activated alumina is used as a rav^^ material without the use of high-purity non-crystalline 
silica, the resulting cordierite honeycomb-structural body has a remarkably high thermal expansion, and hence 
it is indispensable to use finely divided activated alumina in combination with high-purity non-crystalline silica 
in the production of a cordierite honeycomb-structural body having a low thermal expansion in the present 
invention. -5 

It is necessary that the cordierite honeycomb-structural body having a low thermal expansion of the present 
invention has a chemical composition consisting mainly of 42-560/0 by weight, preferably 47-530/o by weight, of 
SiOs. 30-450/0 by weight, preferably 32-380/o by weight, of A^zOa, and 12-16o/o by weight, preferably 12.5-15o/o 
by weight, of MgO, The cordierite honeycomb-structural body may contain incidentally accompanied 
impurities, such as TiOz, CaO, KNaO and Fe203. in a total amount of not larger than 2.50/o by weight. W 

It is necessary that the cordierite honeycomb-structural body of the present invention has a crystal phase 
consisting substantially of cordierite crystals, and may contain at least 900/o by weight of cordierite crystals. 
The crystal phase may contain other crystals, such as mudite and spinel (including sapphirine). 

When a cordierite honeycomb-structural body has a porosity of not higher than 30o/o, its coatability with a 
high specific surface material and a catalyst is poor. While, when the honeycomb-structural body has a f5 
porosity higher than 420/o, the body is poor in strength and further in thermal shock resistance after coating. 
Therefore, the porosity is limited to higher than 30o/o but not higher than 42o/o. 

In the cordierite honeycomb-structural body of the present invention, when either the coefficient of thermal 
expansion within the temperature range of 40-800° C in the flow passages (axis A) direction of the honeycomb 
structure exceeds 0.3 x 10"^/"* C, or that within the temperature range of 40-800°C in a direction (axis B 20 
direction) perpendicular to the flow passage of the honeycomb structure exceeds 0.5x10-s/°C, the 
cordierite honeycomb-structural body is poor in thermal shock resistance. Therefore, the coefficient of 
thermal expansion in the axis A direction is limited to not higher than 0.3 x ^O^^rC, and that in the axis B 
direction is limited to not higher than 0.5 x 10-s/°C within the temperature range of 40-800°C. The coefficient 
of thermal expansion in the axis A direction is preferably not higher than 0.2 x 10* »/°C within the temperature 25 
range of 40-800°C. 

Furthermore, the cordierite honeycomb-structural body of the present invention has excellent thermal 
shock resistance after coating with a high specific surface area material and a catalyst due to the improvement 
of the coatability with the coating material. The reason will be explained hereinafter. 

It has hitherto been known that the water absorption and porosity of a honeycomb-structural body have an 30 
influence upon its coatability with a high specific surface area material, such as activated alumina, and a 
catalyst. However, the inventors have newly found out that pores having a diameter within a certain range, that 
is. pores having a diameter of 0.5 5 ^im. have more influence upon the coatability than the porosity has. 
Moreover, the inventors have found out that pores having a diameter of not smaller than 10 \im. which have 
been formed in a cordierite honeycomb-structural carrier in order to maintain its porosity, deteriorate 35 
adversely the coatability, and increase the dispersion of the loading amount of a coating material. 

The effect of pores having a diameter of 0.5-5 jim for improving the coatability of a cordierite 
honeycomb-structural body appears probably due to the reason that the depositing speed of a high specific 
surface area material such as activated alumina, or of a catalyst to pores is maximum in the case where the 
pores have a diameter of 0.5-5 |j.m, due to the particle size of the high specific surface area material and the 40 
water-absorbing phenomenon by the capillary action. When pores have a diameter of not smaller than 10 |im, 
the loading amount of a coating materia! on the cordierite honeycomb-structural body disperse due to the 
impregnation of the surface pores with a high specific surface area material. 

Further, it has been found out that the porosity of a cordierite honeycomb structural body has a correlation 
to its coatability. When the porosity is not higher than 30^/0. the coatability is poor. When the porosity of a 46 
honeycomb-structural body is increased while maintaining the ratio of the total volume of pores having a 
diameter of 0.5-5 \irn to the total pore volume, the coatability of the honeycomb-structural body is improved, 
but another important property, that is. mechanical strength, required for a honeycomb-structural catalyst is 
deteriorated. 

tt has been newly found out that pores having a diameter of not smaller than 10 ^m have an important role 50 
with respect to the thermal shock resistance of a cordierite honeycomb structural body after coating with a 
high specific surface area material and a catalyst. Activated alumina having a high specific surface area, which 
is ordinarily used in order to maintain the catalytic activity, has a particle size of 5-10 ^m. and therefore, 
although the depositing speed of the activated alumina is low, the activated alumina particles are easily 
entered into pores having a diameter of not smaller than 10 ^im. Particularly, the activated alumina are entered 55 
into the interior of the partition wall of the honeycomb-structural body, causing a remarkably large thermal 
expansion of the honeycomb structural body. Accordingly, it has been found that pores having a diameter of 
not smaller than 10 ^m. which have hitherto been formed in a cordierite honeycomb-structural body in order to 
improve its coatability. have an adverse influence upon both its coatability and its thermal shock resistance 
after coating. 

The reason for the limitation in the distribution of the diameters of pores in the honeycombstructural body in 
the third aspect of the present invention is as follows. 

When total volume of pores having a diameter of 0.5-5 \im is less than 400/o based on the total pore volume, 
the honeycomb-structural body is poor in the coatability, and therefore the total volume of pores having a 
diameter of 0.5-5 \im is limited to not less than 400/o based on the total pore volume. Further, when the total S5 
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5 that the total volume of pores having a diameter of 0 5 5 omT 'n^r ? Preferable 
volume, and the total volume of pores havl ™Li,t ^fnoTsLTJr^^^^^ T "'^"'^ °" P^^e 
on the total pore volume. "°' ^""^"^^ 's not more than 200/o based 

In the method for producing cordierite honeycomb-structural borii«= h- 
aspects of the present invention, when talc ha Jno an a™ n^ntl ^^''T'"^ second and fourth 

resulting oordiehte honeycomb-structural bodj^ha" arefceSv htoV ' ^^"^ ^^^'^^ ''^^ 

considerably low porosity, and when talc having an averaarnartfl L^ ^ expansion and has a 

result ng cordierite honeycomb-structural body hasTxcSv t^^^^ 100 ^misused, the 

Therefore, ,n the method for producing a cordieritrhonevcomh ^<>,r Z""^' ^''P^^sion and porosity, 
aspect of the present invention, the average panS size or.^n ^ '^'"'!' """^ ««°rding to the second 
IS average particle size of talc exceeds 15 jim fhrabove d«cr be^^^^ •^'e 
the diameters of pores in the resulting cordierle hoZcomri^rur^^^^^^^^^ w. h respect to the distribution of 
invention cannot be satisfied, and the coataSrof the hon^^^^^^^ 

average particle size of talc to be used in the method or oroduc^?, ; Ji''''"'"' "^^^ therefore, the 

expansion, and hence the average particle size of alumin^is «Sd tn o^m ^'^'^^^^'^^'V ^"91 thermal 

alumina having an NajO content of not higher th^ 0 "20/0 bv w^nhf ! l ^'^^' ^ 'ow-sod^ 
25 ral body having a low thermal expansion can brproduced morfllc'^'^*^- ! ""'"'^'"^ honeycomb-structu- 
preferably used. produced more easily, and therefore low-soda alumina is 
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axis B direction and in the porosity, and theref^J the aveloe oJnt. "^^'^i^"' "s 

me second aspect of the PresenT^nventioTi? mi e^^^^^^ - the method of 

particle size of silica exceeds 12 Mm, the above described Ii2i<^n ^i,h Moreover, when the average 

diameters of pores in the resulting cordierite honeySrTst C^^?^^^^^^ TrV° '^"^ of the 

invention can not be satisfied, andlurther the fioneycorb stm^^^^^^ '^'"^ '^P*'^' °' P^«ent 
the average particle size of silica to be used in the mTmod^? ,hT^^«°^l'' '=o«'«bility. Therefore, 

limited to not larger than ,2 ^m. preferably notlr^m^ Tpm °' "'"^"^ 

honeyromrs^uJLa^b^V^rsto/Sir^^^^^^^^ the resulting cordierite 

used ,n the methods of second and fourth asoects of mrnr«l! . ® therefore silica to be 

The use of non ctystalline silica in an amounrof 8-^0 bv we^^^^^^^^ '° non-crystalline silica, 

cordiente honeycomb-structural body haTng a tow tSTm^e^r^n^L «"««=t'^« 'or the production of a 

the total amount of the raw maleriS^mSe rno^cTst^Tr T 

The use of kaolin having an averaaeoTrti>il ;i,I "°"^'y^talllne silica is preferably used, 
average particle size o^tato, XiT" he ^0^^^^^^ 

honeycomb-structural body having a low therma^expSon Th« ? V''' ^ ^^^^^^^'^ 

av^. P^lcle Size is preferably^sed in the-^^STth^sS rf^hTsrctf^^^^^^^^^^^^^^ 

a^^S^P^rs^f^^ 

second and fourth aspects of the present^nveSn """"^ '"^'^'ods of the 

.imit'JirrrheTeoT'"^'^^ "'--'on of this invention and are no, intended as 

55 Example 1 

with methyl cellulose to form extrusion-moSle bifches ^"^ '^"^^'^^'^ '"Q^t*^*^ 

centimeter, each cell having a square cross sec^iona iJair ^"^ '^^'^ cells per one square 

dried, the body was fired at a firing temperature Swn rn TaK^ ^Z""" honeycomb structural bodj was 

body. As the properties of the sintered body me coefficients of th«f,^°?^ ^ honeycomb-structural 
.n tho axis B direcicn, ,ho pcrp.ity, the ^mo^ni^i^or^^ ! f ' 1? expansion in the axis A direction and 
» measured. The obtained results are shown in fiiTe 2 ' ^^"'^'^ resistance were 
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The above obtained results are Illustrated in Figs. 1-3. Fig. i iHusiraies a relation between the coefficient of 
thermal expansion of the resulting cordierite honeycomb-structural body in its axis A direction and the thermal 
shock resistance temperature of the body, and Fig. 2 illustrates a relation between the coefficient of thermal 
expansion of the resulting honeycomb structural body in its axis B direction and the thermal shock resistance 
temperature of the body. Fig. 3 illustrates a relation between the average particle sizes of laic used in Sample 5 
Nos. 1-7 and the coefficients of thermal expansion of the resulting cordierite honeycomb-structural bodies in 
their axis A direction and in their axis B direction together with the relation between the average particle size of 
talc and the coefficient of thermal expansion of the resulting honeycomb structural body shown in Fig. 1 of 
Japanese Patent Application Publication No. 57-28,390. 

The average particle size of talc (A). (B) and ^'C) in the raw materials shown in Table 1 was measured by the 10 
dry separation method by means of JIS standard sieve, and the average particle size of the raw materials other 
than talc (A), (8) and (C) were measured by a Sedigraph sold by Micromeritics Co. 
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!t can be seen from the results shown in Table 2 that, in Sample Nos. 2-6, 9-14. 16. 18 and 19. wherain talc 
having an average particle size of 5-100 |i.m. alumina having an average particle size of not larger than 2 \xm and 
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high-purity non-crystalline silica havina an avprana r.=.^.vi 

cordierita honeycomD-s.ruc.ural body has ,0" coeSn^^^ " ""'^^ '^^ ^^^^"'"9 

its axis B direction defined in the present invemion «pans.on in its axis A direction and in 

paS::.roTside%raS:dS^^^^^^^^^^^ S-P'« Nos. 1 and 7 usin, ta.c havin, a 

Size outside the range defined in the prTslTinZZ T^^^ 
outside the range defined in the presenV iSon and ? L^^^^ 
honeycornb-structural bodies having a coeff cient o mer2?jrn.„ ^ ':^°- 

":.'c^' be'L^'f^om '"pfs^r' P--"^ ''^'^ ^'^ ^ ^'-i- - - 

honeycomb structuralTodylarii!n1nvVs?U temperature of cordiente 

relat,on is remarkable between the coefficient 0 the2 ixnin.^n °' «*Pansion. and this 

Shock resistance temperature, it can be seen from Fio 3 th.^TnT '? '^f ^ '""^ '^'^^"'al 

present Invention is same In the particle tize aT Sc VJ1h\^ T °' "'^ '''^ '^<= "^^^^ '^^e 

No. 57-28,390. cordierite honeycomb structurafLdLl L^nnf vL i?'?k'* Application Publication 

thepresen.inventlonduetothecombina.,onuserh-;X^^^^^^^^^^ 
Example 2 

thrrh~;:n%~^^^^^ 

together with a plasticizer to form extrusion-moldable batcies ""^ '""'"'"^ '^"^^''^'^ 

mmrdrh;i^rfTormTwSr^r;f:aT^^^^^ 

centimeter, each cell having a square cross-sectiona fhape After tifn^ 'k** ""^ ^''"'^^ 

dr.ed. the body was fired at a firing temperature sh^ownt Tahi-^^^^^^ T structural body was 

body. AS the properties of the sintered boT he coeffiS of thar^^f"" ' honeycomb-structural 
.n the axis B direction, the porosity, the ctistrl^ron of me m s^o^^^^^^^ ''^ ^ '^'^«<="°" ^"'^ 

and the thermal shock resistance were measured. Th: o S d ° s'^te ^hZ 
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1 

Remarks 


Present 
invention 

i^ompa r a 1 1 v e 
sample 
(silica: coarse) 

Present 
invention 

Comparative 
sample (quartz) 

Present 
invention 

Comparative 
sample (quartz) 


Thermal 
shock 

resist* 

ance 
tempera- 
ture 
(*C) 


1,050 

1,100 
1,100 
1/050 
900 

1,050 
850 

1,050 
900 


* 2 

Amount of 
cordier ite 
crystals 


^ ^ as SSSJS 


ered body 

Ratio in 
percentage of 
total volume of 
pores having 
a diameter of 
HOC smax 1 e r 
than lOym to 
total pore 
volume ( % ) 


O O LO 00 CO rr\ ^ 


cties Of sint 

Ratio in 
percentage of 
total volume 
of pores 
having 
a diameter of 
0,5-5iim to 
totai pore 
volume (%) 




Prope: 
*1 

Poros- 
ity 


-H-Hnn tN 


Coefficient 
of thermal 
exDans i on 
in axis B 
direction 


t^ rncnrnv, m « cn 

o o O O O Oooo 


Coefficient 
of thermal 
expansion 
in axis A 
direction 


"^^ H.-frHCS CN in <N 

=> O O O o o* o' o o 


No. 


AOrHCN* TT tn ^ 
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Example 3 

The coatability of the cordierite honeycomb-structural body of the present invention was examined in (he 
following manner. A mixture of 700/o by weight of y-alumina consisting of a high-specific surface area material, 
250/0 by weight of ceria powder and 50/o by weight of alumina sol was mixed with diluted nitric acid as a pH 
adjusting agent to produce 20 ^ of a coating slurry having a solid content of 250/o. Cordierite honeycomb 5 
structural bodies of the sample numbers shown in the following 4 were used among the cordierite 
honeycomb-structural bodies produced in Example 2, and each of the bodies was dipped in the above 
obtained slurry for 3 minutes, taken out from the slurry, placed in air stream to flow away remaining slurry, and 
then dried. The steps from the dipping into slurry to the drying were repeated by 3 times, and then the thus 
treated honeycomb-structural body was fired at 650° C. 10 

The fired honeycomb-structural body was weighed, and the loaded amount of the coating material on the 
honeycomb-structural body by the 3 times of dipping was measured. Further, the thermal shock resistance 
temperature of the cordierite honeycomb-structural body after coating was measured. The obtained results 
are shown in Table 4. 
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The obtained results shown in Table 4 are further illustrated in Figs 5-8 

Fig. 5 Illustrates a relation between the ratio in percentage of the total volume of pores having a diameter of 
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0.5-5 um to the total pore volume in the honeycomb-structural body and the loading amount of the coating 
material on the body. Fig. 6 illustrates a relation between the ratio in percentage of the total volume of pores 
having a diameter of not smaller than 10 \xm to the total pore volume in the honeycomb-structural body and the 
loading amount of the coating material on the body. Fig. 7 illustrates a relation between the coefficient of 
thermal expansion of the honeycomb-structural body in its axis A direction and the thermal shock resistance 5 
temperature of the body. Fig. 8 illustrates a relation between the coefficient of thermal expansion of the 
honeycomb-structural body in its axis B direction and the thermal shock resistance temperature of the body. 

It can be seen from the results of the above described experiment that the cordierite honeycomb-structural 
bodies of Sample Nos. 20-24. 27-32, 34, 36 and 38-53. which have a coefficient of thermal expansion within the 
range defined in the present invention, are equal to or higher than the cordierite honeycomb-structural bodies to 
of Sample Nos. 25. 27, 33 and 37, which have a coefficient of thermal expansion outside the range defined in 
the present invention, in the thermal shock resistance temperature, and have excellent thermal shock 
resistance. 

Further, it can be seen from Table 4. which shows a relation between the distribution of the diameters of the 
pores in the honeycomb-structural body and the loading amount of the coating material on the body or the rs 
thermal shock resistance of the body in the coated state, that cordierite honeycomb-structural bodies, 
wherein the total volume of pores having a diameter of 0.5-5 p.m is not less than 400/o based on the total pore 
volume and the total volume of pores having a diameter of not smaller than 10 jam is not more than 300/o based 
on the total pore volume, has excellent coatability and has a high thermal shock resistance temperature after 
coating. 20 

Example 4 

Cordierite honeycomb-structural bodies of the sample numbers shown in the following Table 5 among the 
cordierite honeycomb-structural bodies shown in Table 3 were prepared in the same manner as described in 
Example 2. and the major axis of the smallest domain, the average length of cordierite crystals, the amount 25 
ratio in percentage of crystals having an aspect ratio of at least 1.5, and the ( ratio (I(110)/|l(110) + 1(002)}] of 
the cordierite crystal on the honeycomb wall surface (on a plane parallel to the extrusion direction of the 
honeycomb-structural body) of each sample were measured. The obtained results are shown in Table 5. 

In Table 5, the major axis of the smallest domain was measured from the major axis of the smaHest domain, 
which can be identified from the SEM photograph of each sample. The length of cordierite crystal and the 30 
amount ratio in percentage of crystals having an aspect ratio of at least 1.5 were measured by a method 
wherein cordierite crystals were randomly selected from the cordierite crystals in the SEM photograph of each 
sample, and the length and width of the crystal were measured, and further the aspect ratio was calculated- i 
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ho'l„?-?,«K % *T '"""^ ^^^'^'^ 5 that, in substantially all of the cordierlte 

honeycomb-stnjcturaJ bodies of the present invention, the major axis of the smallest domain is not less than 
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20 |j.m, the average length of cordierite crystals is 1-5 jxm and the amount ratio in percentage of crystals having 
an aspect ratio of at least 1.5 is not less than 8OO/0. and these ranges are preferable ranges in the present 
invention. Further, it has been found that the I ratio of the honeycomb wall surface is preferably within the 
range of at least 0.78. 

Figs. 9a and 9b are SEM photographs of 50 magnifications and 2.000 magnifications, respectively, of the 5 
cordierite honeycomb-structural body of Sample No. 50 (present invention), and Figs. 10a and 10b are SEM 
photographs of 50 magnifications and 2.000 magnifications, respectively, of the cordierite honeycomb-structu- 
ral body of Sample No. 54 (comparative sample). Fig. 1 1 is a schematic view for explaining various regions in 
the SEM photograph shown in Fig. 9a. 

It can be seen from Figs. 9a, 9b and 1 1 that, in the cordierite honeycomb-structural body of Sample No. 50 of iO 
the present invention, long column-like cordierite idiomorphic crystals, which extend in the crystallographic 
axis c direction and have an average length of 3.5 p.m. are predominantly developed to form domains having a 
major axis of not less than 20 pim. Further, it can be seen that crystals having an aspect ratio of at least 1.5 
occupy 85% of whole crystals and many micro-cracks are extending along the crystallographic axis c direction 
of crystals in the domain. Large domain has a major axis of not less than 100 jjtm and is difficult to be identified 15 
by the SEM photograph. 

On the contrary, in the cordierite honeycomb structural body (comparative sample) of Sample No. 54 shown 
in the SEM photographs of Fig. 10a and 10b. the presence of cordierite idiomorphic crystal is not observed in 
almost whole portion of the photographs, and the average length of the idiomorphic crystals is small and is 0.8 
pim. Accordingly, only relatively srpall 16 domains (major axis: not less than lOji) are observed in only a part of 20 
the photographs. Although the photograph of 2,000 magnifications shown in Fig. 10b indicates a portion, 
wherein the idiomorphic crystal is developed in a relatively large amount, the amount of crystals having an 
aspect ratio of at least 1.5 is small, and is only 300/o as a whole. Although micro-cracks are observed in the 
photograph of Fig. 10b. the relation of the micro-cracks and the cordierite crystal is not clear. 

Figs. 12a and 12b are SEM photographs of the cordierite honeycomb-structural body of Sample No. 50 25 
(present invention) at room temperature and at SOO^'C. respectively, in the same visual field. It can be 
ascertained from the comparison of Fig. 12a with Fig. 12b that micro-cracks opened at room temperature are 

substantially completely closed at 800° C. This shows that the presence of micro-cracks contributes to the 
production of low thermal expansion cordierite honeycomb-structural body. 

Fig. 13 illustrates the thermal expansion hysteresis curves up to 1 ,200**C of cordierite honeycomb structural 30 
bodies of Sample No. 50 (present invention) and No. 54 (comparative sample). It can be seen from Fig. 13 that 
the maximum amount of hysteresis (maximum amount of the difference between the thermal expansion at the 
same temperature of the cordierite honeycomb-structural body in the expansion curve during the heating and 
in the shrinking cun/e during the cooling) of the body of Sample No. 50 is O.O860/0, and the maximum amount of 
hysteresis of the body of Sample No. 54 is O.O68O/0. It is thought that the maximum amount of hysteresis 35 
indicates the amount of micro-cracks and the effect for the production of a low thermal expansion cordierite 
honeycomb-structural body. Since there is no significant difference in the amount of micro-cracks in the 
observation of microstructure between the body of Sample No. 50 and the body of Sample No. 54, the effect of 
micro-cracks for the production of low-thermal expansion cordierite honeycomb-structural body is higher in 
the body of Sample No. 50 than in the body of Sample No. 54. 40 

As described above, according to the present invention, a cordierite honeycomb structure] body having 
excellent heat resistance and thermal shock resistance, which body has a porosity of higher than 30^/0 but not 
higher than 42<Vo and coefficients of thermal expansion of not higher than 0.3 x 10~*/°C in its axis A direction 
and of not higher than 0.5 x 10~8/°C in its axis B direction within the temperature range of 40-800° C, can be 
obtained. Moreover, when the distribution of the diameters of pores in the above described cordierite 45 
honeycomb-structural body is property limited, there can be obtained a cordierite honeycomb-structural body 
to be used as a catalyst carrier, which has improved shock resistance and coatability with a high specific 
surface area materia! and a catalyst, and is small in the deterioration of the thermal shock resistance after 
coating, said deterioration being caused by the coating with the high specific surface area material and the 
catalyst, which have a higher thermal expansion than that of the cordierite carrier. Therefore, the cordierite 50 
honeycomb structural body is very useful as a ceramic carrier for supporting catalyst, which is required to have 
particularly high heat resistance and thermal shock resistance and is used in an increasing amount 
corresponding to the manifolding of the purification apparatus for exhaust gas of automobile and to the high 
speed running of automobile. 



Claims 

1. A cordierite honeycomb-structural body to be used as a catalyst carrier, having a composition 60 
consisting mainly of 42-56o/o by weight of Si02. 30-45o/o by weight of A£203 and 12-160/0 by weight of 
MgO. having a crystal phase consisting mainly of cordierite, having a porosity of higher than 300/o but not 
higher than 42<5/o. and having a coefficient of thermal expansion of not higher than 0.3 x \Q-^no within 
the temperature range of 40-800" C in the flow-passage direction of the honeycomb structure and a 
coefficient of thermal expansion of not higher than 0.5x10-6/°C within the temperature range of 65 
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'^2° A?o!dier1irh?n" ''^'"'T''"'' '° ""^-P^^^age of ,he honeycomb structure 

structure isnothigherthan02x 10 «rc flow-passage direction of the honeycomb 

Of '^^-^ZTsZt^^^ZT.^^^^^ '^'^'"^ ^'^^"^ 2 Which has such a distribution 

based on total pore^olume and the fi'a^ Zml oTooresTl n " °' " ''^ '"^ ^"^^ 

not more than 30o/o based on the to^ore voZ^^ ' ' °' ^"'^"^^ 1° - 

dist,?utSterrn%'teTo;p^^^^^^^^ ^ -'"^^ ^« a pore volume such a 

less than 50o/o based on the touTp^re vo Jml ^.d tZ.^ 'T' ''T^ ' °' ^'^'^ 

smallerthan 10.n,isnotmorerh:lS;oSsror,hJXore?o:L^ '"^"^ ' ^'^^'^^ °' 

ag reVrSal^Thli^^^ 2°^ eTo^tl'fel:,'^^ ^ °'h'='""'' ' " ^^'^^ ^ ^ 

the cordierite crystals are f trangedtl s^e Jirectn '^^^ ^^^'^"^S-Pf'^c axis c of 

Pi^e parallel to the axtruiioI'ileS.tS^^^^^^^^ — ^ 

plasticated batch, extrSg the pSatrbatcS^^^^^ '° ^" ^^'^^''^^'^ 

an extrusion-molding method dn^Jg he shaSed artiSe .nrf'^r hav,ng a honeycomb structure by 
temperature of 1.350-1 440»C ^ ' ''""^ ^''^P*'' a 

J4mrJse°d."'"'"' '° ^'"'"'"^ ^"^'"9 - ^^^0 °' not higher than 0.12<H, by 

than 2 ;::ruseT"''"' '° ' " ^^^"3 ^ P-^'cle s^e of no. larger 

^2^ A method according to any one of claims 9 to 1 1 wherein talc having an average particle size of 7-50 

s^cz::;^i^::^;z^r::s::j^:' — -.ns 

SIsL^nTl^"'^'^"'^ '° ^"^ °' ^ '° 13 wherein taJc having an average panicle size of 
5-15p and h,gh-punty non-crystalline silica having an average particle size of not larg'er tKl ^re 

Js ir«rh°n?'''°''!!."^ '° ^^"= *^*^*"9 ^ ^^«f*9« particle size of 7-12 urn Is used 
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